Background: Infliximab (IFX) has changed the management of many life-threatening immune-mediated diseases. The high cost of IFX and its patent expiry have led to pharmaceutical companies developing a biosimilar; however, its safety profile remains unknown in the real world. The purpose of this study was to clarify the adverse events associated with IFX originator and its biosimilar using the Japanese Adverse Drug Event Report (JADER) database. Methods: Adverse event reports submitted to the Pharmaceuticals and Medical Devices Agency between the third quarter of 2014 and the fourth quarter of 2018. We calculated the reporting odds ratio and 95% confidence interval for each adverse event.
Introduction
Infliximab (IFX) is an anti-tumor necrosis factor (TNF)-alpha chimeric monoclonal antibody used in the management of autoimmune inflammatory disorders such as rheumatoid arthritis (RA), psoriasis, Crohn's disease, and inflammatory bowel disease (IBD). These inflammatory diseases reduce the quality of life of patients [1] , so the introduction of IFX has changed the therapeutic approach [2] . Despite its efficacy in biological therapy, IFX as well as other anti-TNFα agents are expensive and have become a burden on pharmacy budgets in most countries, possibly restricting access for many patients [3, 4] . However, many biological products have reached or are close to patent expiration. This has led to the development of biosimilar drugs [5] .
Biosimilars are biological medicinal products containing a version of the active substance of an already authorized original biological medicinal product, for which they are required to have similar efficacy, safety and immunogenicity. The similarities between the originator and biosimilar were determined in two phase III clinical trials in patients with RA (PLANETRA) [6] and ankylosing spondylitis (PLANETAS) [7] . However, its safety profile remains unknown in the real-world setting. Especially, the main concern regarding anti-TNF therapy, as well as other biological agents, is the greater susceptibility to infections such as interstitial lung disease, pneumonia, sepsis, and tuberculosis (TB).
Recently, spontaneous reporting systems have been used as a crucial source of post-marketing drug safety surveillance for the detection of adverse drug events [8, 9] . The Japanese Adverse Drug Event Report (JADER) database is a large published database managed by the Pharmaceuticals and Medical Devices Agency (PMDA) for pharmacovigilance [10] [11] [12] . The objective of this study was to assess adverse events focusing on infection associated with IFX originator and its biosimilar using the JADER database.
Methods
Data were extracted from the public release of the JADER database of PMDA, covering the period between the third quarter of 2014 and the fourth quarter of 2018. The main reason for limiting our research to this period was that IFX biosimilar was first launched in November 2014 in Japan. The data structure of JADER consists of 4 data sets: patient demographic information (DEMO), drug information (DRUG), adverse events (REAC), and medical history. Preferred terms (PTs) in the Medical Dictionary for Regulatory Activities (MedDRA) serve as the terminology for registration of adverse events in the REAC table. After we removed duplicated data from each table because the same case report will be received from different sources [13] , the DEMO table was linked to the REAC and DRUG tables using the ID number.
The contribution of the medication to adverse events was classified into three categories: "suspected medicine, " "concomitant medicine," and "interaction," as described previously. In order to exclude the masking effect, defined as the condition whereby the effect of a given drug-event pair might be hidden by the presence of another product [14] , we extracted cases that were classified as "suspected medicine." Of the IFX biosimilars, "IFX biosimilar 1", "IFX biosimilar 2", and "IFX biosimilar 3" were launched in 2014, 2017, and 2018, respectively [15] . In this study, we excluded the reports of "IFX biosimilar 2" (n = 5) and "IFX biosimilar 3" (n = 9) from analysis since insufficient number of reports were provided.
Next, we calculated the reporting odds ratio (ROR). The ROR is the rate of reporting a specific adverse reaction caused by a particular drug divided by the rate of the same adverse events caused by all other drugs present in the database. A signal was considered to be present when the lower limit of the 95% CI of the ROR was > 1.
In this database, age, height, and weight information are indicated in the form of age in decades, height in centimeter-denominated ranges, and weight in kilogramdenominated ranges. Because these data are not continuous variables, we could not conduct multiple analyses using them. All analyses were performed with JMP Pro 12 (SAS Institute Inc., Cary, NC, USA.).
Results
The total number of drug and reported adverse event co-occurrences with IFX originator was 2771 (494 different events) and 402 (113 different events) with IFX biosimilar. Of those, infection-related adverse events (Table 1) with IFX originator (657 reports) accounted for 23.7% and those with its biosimilar (88 reports) accounted for 21.9%. Adverse event reports with IFX biosimilar were fewer than with its originator. Among the infection-related adverse events associated with IFX originator, the most common was pneumonia, followed by interstitial lung disease, TB, infection, and sepsis in this order ( Table 2) . As for those with IFX biosimilar, the most reported adverse event was pneumonia, followed by interstitial lung disease and sepsis.
Interestingly, IFX biosimilar was no associated with infection, with the number of co-occurrences being only seven. On the other hand, the report of infection was high for IFX originator (n = 112), and signal was detected (ROR 3.54, 95%CI 2.93-4.29). Infection "Arthritis infective," "Aspergillus infection," "Atypical mycobacterial infection," "Cytomegalovirus infection," "Epstein-Barr virus infection," "Fungal infection, Infection," "Infectious pleural effusion," "Infective myositis," "Mycobacterial infection," "Mycobacterium avium complex infection," "Mycobacterium marinum infection," "Post procedural infection," "Postoperative wound infection," "Respiratory tract infection," "Severe invasive streptococcal infection," "Staphylococcal infection," "Streptococcal infection," and "Urinary tract infection," and "Wound infection"
Interstitial lung disease
"Interstitial lung disease" Pneumonia "Eosinophilic pneumonia," "Pneumonia," "Pneumonia influenzal," "Pneumonia mycoplasmal," "Pneumonia pneumococcal," "Pneumonia streptococcal," "Pneumonia bacterial," "Organising pneumonia," "Atypical mycobacterial pneumonia," and "Pneumocystis jirovecii pneumonia" Sepsis "Sepsis," "Septic shock," and "Listeria sepsis" Tuberculosis "Disseminated tuberculosis," "Intestinal tuberculosis," "Lymph node tuberculosis," "Peritoneal tuberculosis," "Pulmonary tuberculosis," "Tuberculosis," and "Tuberculous pleurisy"
Discussion
The primary emphasis in biosimilar development is on evaluation of the similarity in physicochemical structure and biological function between the biosimilar and originator biologic. There may be minor differences due to their complex nature and production methods; however, when approved, any variability and differences between the originator and its biosimilar will have been shown not to reduce effectiveness [16] . Indeed, several cohort studies in IBD patients treated with IFX biosimilar showed outcomes comparable to those in patients treated with IFX originator [17, 18] . As for the safety profile, clinical trials are considered to be insufficient for fully evaluating their safety profile due to the limited selection of patients, and so pharmacovigilance such as through the JADER database is considered important. Our results revealed that signals were detected in pneumonia, interstitial lung disease, TB, and sepsis both with IFX originator and its biosimilar. TB is a serious adverse event accompanying the administration of IFX. TNF-α plays a major role in defence against infection and in the formation and maintenance of granulomas; therefore, treatment with TNF-α inhibitors is recognized as a risk factor for TB [19] . The PLANETRA study [6] and PLANETAS study [20] , which were conducted to compare the efficacy and safety of IFX originator and its biosimilar, revealed that the incidences of latent TB were very similar for IFX originator and IFX biosimilar. On the other hand, a prospective and observational cohort study showed that no cases of TB were identified during follow-up in 353 patients with IBD receiving IFX biosimilar therapy [21] . In our results, the association of IFX originator with TB was stronger than that of its biosimilar.
In this study, signal was detected for infection with IFX originator, but not in its biosimilar. There is immunogenicity between IFX originator and its biosimilar. Immunogenicity is associated with a reduced response and other adverse events [20] . The degree of immunogenicity is not the same for all biologics, and only minor differences in the formulation, purity, or packaging of a biological drug can affect the immunogenicity profile. However, the difference in this study is considered to be due to a number of factors other than immunogenicity. Adverse event reports were limited for the biosimilar compared with originator. If the reports increase in the future, the conclusion may change. Further studies are needed.
This pharmacovigilance study using the JADER database has several limitations. First, as in all pharmacovigilance studies, we were unable to calculate the true incidence rates, notably due to: 1) lack of the total number of patients receiving the drugs of interest and 2) under-reporting. Adverse events commonly caused by drugs that are well-known are less likely to be reported. Second, the ROR does not provide a robust indication of the signal strength. In spontaneous reporting systems such as JADER, control populations are not included, so the ROR is different from the "odds ratio" that is commonly used in epidemiological studies. In real terms, the ROR indicates an increased risk of adverse event reporting, and not the risk of adverse events. Finally, the present method did not provide us with detailed clinical information on the patients [22] .
Conclusion
The strength of the association between IFX originator and its biosimilar with adverse events is partly different, but reports were quite limited for the biosimilar compared with originator. It is recommended that research be continued in order to accumulate a wide variety of information, and that newly reported data be placed in the multifaceted viewpoints for improvement of care levels. 
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